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(57) [Abstract! 

[Object] To realize a compact device that can make a quick measurement of the substrate 

concentration even when the sample solutionis in a small amount 
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[Claim] 

rciaimn Abiosensor characteristically com^gapakof dectoxieso^osingtoeadi 

cToftheelLodes is an enzyme or an enzyme and a mediator, whereas fonned on the side 
of the other electrode is an opening through which tbe sample solution to react with me 
enzyme is to be led co the porous layer. 

[Claim2] The biosensor described in claim 1 characterized by a gup tbniuri between the 
second electrode and the porous layer so that the sample solution can be introduced from the 
opening. 

[Claim 3] The biosensor described in claim 1 or 2 characterize by insulating layers 
provided on the outer surfaces of me pair of electrodes facing to each other, and the 
previously mentioned opening goes through the insulating layer. 

[Oaim4] The biosensor described in any one of claims 1 mrough3diaracterizedbythe 
flexibility of the pair of electrodes and the porous layer and by the flexibility and softness of 
the msulating layers. 

[Detailed Explanation of ^themvention] ' 

[0001] ..:'ii-^vi'.:. 

(Technical Held] This invention relates to a biosensor. More specifically, this invention 

relates to an enzyme sensor which uses an immobilized enzyme and the like in clinical tests 

and water quality tests for determining the concentrations of the components of various 

solutions. 



[0002] 

[Prior Art] Shown in Figure 4 is a conventional biosensor with an immobilized enzyme. In 
this biosensor, a working electrode 2 is provided on one side of an msulating base plate 1 , 
and provided on the other surface is a counter electrode 3. Adhered to the surface of tbe 
working electrode 2 is a film of an immobilized enzyme. In the testing operation, the 
biosensor of this configuration is immersed in the sample solution so mat the solution can be 
present between the two electrodes. This biosensor uses the catalytic action of glucose 
oxidase during a glucose oxidation so that the glucose concentration can be determined either 
by oxygen consumption or by hydrogen peroxide increase observed in terms of current 
changes. 



[0003] 

[Problem to be solved] However, the above^iescribed conventional biosensor, in whkhthc 
l^Tdectrode and the counter electrode are separated from each other by an ii^ahng 
base plate 1. needs to be immersed in the sample solution so that the solution can fill the 
space between the two electrodes. This configuration of the device requires a large amount of 
sample solution, makes itimpossible for the use of this biosensor in the measurement of a 
smaH quantity of solution. The object of the present invention is to achieve a compact size of 
the sensor, and make it possible to measure quickly the concentration of a substrate in a small 
amount of sample solution. 
[0004] 

[Solution to the Problem] The invention described in claim 1 is characterized by a porous 
layer which has an enzyme or an enzyme and a mediator immobilized on its surface that faces 
the inner surface of one of a pair of electrodes which are facing each other, and an opening 
provided on a second electrode in such a way thai the sample solution to be reacted with die 
enzyme can be led to the porous layer. The invention described in claim 2 is characterized by 
the formation of a gap between the second electrode and the porous layer so that the sample 
solution introduced from the opening can go through the gap . The invention described m 
rlaim 3 is characterized by insulating layers provided on the outside surfaces of the pair of 
electrodes and penetrated by the previously mentioned opening. The invention described in 
claim 4 is characterized by the flexibility of the pair of electrodes and the porous layer, and by 
the flexibility as well as softness of the insulating layer. 

[0005] In the invention described in claim 1, it is possible to introduce the sample solution 
from the opening formed on the second electrode side. The sample solution introduced from 
the opening infiltrates the continuous pores of the porous layer . The porous layer, on which 
an enzyme is immobilized, ensures the sample solution's undergoing an enzymatic reaction - 
by the enzyme's catalytic action. The sample solution introduced from the opening allows the 
electric current to pass between the electrodes in accordance with the level of concentration of 
the substrate if its volume is sufficiently large for filling the gap between the pair of electrodes 
not occupied by the porous layer. By adjusting the diameter of the continuous pores, it is 
possible to prevent interfering substances such as proteins from reaching the first electrode 
(working electrode). In the invention described in claim 2, in which a gap is formed between 
the second electrode and the porous layer which leads to the opening 50 that the sample 
solution can be introduced quickly to the area between the two electrodes. In the invention 
described in claim 3, the presence of insulating layers on the outside surface of the pair of 
electrodes facing each other prevents the external electrical effects from reaching the 
electrodes. In addition, since the opening goes through die insulating layer, it is easy to bring 
the sample solution from the outside of the insulating layer to the porous layer. In the 
invention described in claim 4, the I'^'^Vg layers are both flexible and soft while the pair of 
electrodes and the porous layer are flexible. The sensor, therefore, is able to prevent die 
human body from being harmed when the sensor is inserted below an eyelid or in the mouth. 
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[0006] 

[Embodiments] The biosensor of this invention will be explained in detail below with 
reference to die embodiments illustrated in drawing s . 



(Embodiment 1) Shown in Figure 1 (A) and (B) is Embodiment 1 of this invention. In 
Figure 1 (A), 1 1 represents a biosensor. In biosensor 1 1, a working electrode 13 is provided 
on one side of a porous base plate 12. Glucose oxidase, a glucose-oxidizing enzyme, has 
been immobilized on porous base plate 12, Provided on the other side of porous base plate 12 
is a counter electrode 14. Porous base plate 12 is formed by turning afluorbresin like 
polytctrafluoroethylcne into a structure of continuous pores. Glucose oxidase can be 
immobilized on the organic film on the surface of porous baseplate 12 by any of such 
publicly known methods as the crosslinking method and the entrapment method- In the 
immobilization process, the blocking of the continuous pores in porous base plate 12 with the 
organic film can be avoided by continuously feeding an air flow to porous base plate 12 while 
a glucose oxidase-containing organic film is being adhered to the inside surface of continuous 
pores.. 

[0007] On the outside of the counter electrode 14, a base plate 15 and an insulating film 16 
have been formed in that order. On the outside of the working electrode 13, an insulating film 
17 has been formed so as to cover the working electrode 13 and a porous base plate 12. Hie 
above-mentioned base palate IS and the insulating film 16 should be ^formed of materials that 
show a good wettability to the sample solution. The shape of working electrode 13, as its 
plane view in Figure 1 (B) indicates, consists of along, n^wed section 13A and a disk-like 
detecting section with a designated area- Counter electrode 14, covers the whole area of ibe 
other side of porous base plate 12 excepting for the opening 18, which is to be described later. 
Opening 18, through which die sample solution is to be introduced, goes through counter 
electrode 14, base plate IS, and insulating film 16 in such away that it will expose porous 
base plate 12. Opening 18 is formed on a location which, in the plane view, is next to the 
detecting section 13B of the working electrode 1 3 provided on the other side of die porous 
base plate. The edge of narrow section 13A of working electrode 13 and counter electrode 14 
are connected with a voltage-applying circuit 21 and a oirrent-measurmgcicaiit 22 via wires 
19 and 20. 

[0008] In the present embodiment, because narrowed section 13A of working electrode 13 
shares a raxher small area with counter electrode 14, the measurement of the concentration of 
substrate in the sample solution essentially occurs on the part of sample solution that is 
present in the area between detecting section 13B and counter electrode 14. In the 
measurement of the concentration of die substrate in the sample solution in this setting, the 
introduction of the sample solution from opening 18 into the area between detecting section 

13B and counter electrode 14 occur? vcxy quickly because opening 18 is adjacent to detecting 
section 13B in the plane view. For this reason, the sample solution can be delivered very 



ouickly and in a sufficient amount to the area between the two electrodes even when the 
amount of the sample solution is very small. In addition, the biosensor of this embodunen 
S^^diSional structure in which the two electrodes face with each other. Because 
the distance between the two electrodes can be drastically reduced, the whole device can be 
designed in a small package- The presence of the sample solution between electrodes may be 
cns ured because the sample solution is held within me continuous pores of porous base plate 
12 by capillary action. This sensor, therefore, makes it possible to measure the concentration 
of glucose in the sample solution while the sample solution is between the two electrodes. 
Furthermore, the enzyme hnmobflized on the surface of the continuous pores of porous base 
plate 12 in this embc4iment substantially increases the contact area between the enzyme and 
the sample solution, thus making the enzyme reaction and measurement more efficient By 
setting the diameter of continuous pores in such a size that high molecular weight substances 
like proteins which could act as interfering substance in the measurement of substrate can be 
prevented from reaching working electrode 13. In this manner, a high efficiency 
measurement of hydrogen peroxide and the like, which ate generated by the mrnKJoflized 
enzyme, becomes possible. 

[0009] In the measurement of the concentration of glucose in such sample solutions as 
blood, urine, saliva and tears, first, a small amount of sample solution is dropped in opening 
18. When the ^Tnpfe solution infiltrates into the continuous pores of porous base plate 12, 
glucose in the sample solution is oxidized by glucose oxidase immobilized in the continuous 
pores. In the process, glucose oxidase is reduced to become the reduced type. If oxygen is 
present in the sample solution or in a Uquid that is present with the sample solution, the 
oxygen acts as election receptor, turning the reduced type glucose oxidase back to the 
oxidized type. Sinudtanebus with this glucose oxidizing reaction, hydrogen peroxide is 
produced. If a c»rtam level of voltage is appUe^ 

between working electrode 13 and counter dectrode 14. the produced hydrogen peroxide is 
electrolyticatty oxidized, and oxidation current flows between working electrode 13 and 
counter electrode 14. The oxidation current can be measured with current measurement circuit 
22. The oxidation current depends on die quantity of the produced hydrogen oxide. Because 
the quantity of hydrogen oxide produced depends on the glucose concentration in the sample 
solution, the glucose concentration in the sample solution can be determined by measuring die 
oxidation current. In short, the change with time of current in this process depends on the 
concentration of glucose, which is the substrate in the sample solution, conforming with an 
already established function. For this reason, the substrate concentration can be measured by 
detecting the change in current, 

[0010] The preparation of the biosensor 1 1 of me present embodiment is carried out as 
follows. First, working electrode 13 is formed on one surface of porous base plate 12 by any 
of such methods as vacuum deposition, magnet sputtering, screen printing, electrolytic 
plating, and clectroless plating. Separately, a counter electrode is formed on one side of a 
base plate 15, which is composed of an inqilatfng resin. Then the cxnmter electrode 14 is 
attached to a second surface of porous base plare 12. Next, with an already available 
technique, the surfaces axe coveted with insulating film 16 and insulating film 17. Portions of 
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counter electrode 14. base plate 15 and insulating film 16 corresponding to opening 18 
should be cut out beforehand. In the above^escribed preparation process, working electrode 
13 and porous base plate 12, and base plate 15 and counter electrode 14 may be adhered 
together with an adhesive. As another alternative, those composing members may be put 
together to be finally fixed into a unit with a holding device. 
[0011] (Embodiment 2) fflustn^ to Figure 2 is Emboli 
In explaining this embodiment, the same reference numerals as those used in explaining 
Embodiment 1 will be used without further explanation if these devices share corresponding 
parts In this embodiment, as shown in Figure 2(B), counter electrode 14 occupies less area 
on porous base plate 12. Although it soil faces the detecting section 13B, it ends at the 
borderline between the bottom of opening 18 and detecting section 13B. Counter electrode 14, 
however, has a strip of the same material extending on one of its side so that it win serve as a 
connecting section. This strip, which is narrowed section 14A, is connected at its end with 
wire 19. On the part of porous base plate 12 which is not in contact with counter electrode 14, 
an insulating layer 23, which is as thick as counter electrode 14, is formed excepting for the 
area for the opening 18 . 

[0012] This embodiment is the same as Einbcdiment 1 as long as the sample solution 
introduced from opening 18 is made to flow through porous base plate 12 so as to reach 
quickly the area between the detecting section of working electrode 13 and counter electrode 
14. However, this einlxxiiment, in which die overlapping of counter electrode 14 and 
working electrode 13 is lmnted to the area of detecting section 13B of working electrode 13, 
it is possible in mis embodiment to determine precisely die electrode area for the ineasnrement 
of current generated by the enzyme reaction. This embodiment, therefore, is capable of a high 
precision measurement of the subs 

[0013] (Embo<ament 3) Illustrated in Figure 3 is Embodiment 3 of the present invention. 
In explaining this embodiment, the same reference numerals as those in Embodiment 1 and 
PmWimwit 9 win he used without further explanation if the device have the corresponding " 
parts. Shown in Figure 3(A) is a cross sectional diagram of the main body of the biosensor 
based on the present embodiment Shown in Figure 3(B) is the plane view of the biosensor, 
and shown in Figure 3(C) is the cross section of Figure 3(B) cut along A— A plane. The 
biosensor of this embodiment is characterized by a configuration in which portions of counter 
electrode 14 and porous base plate 12, which face detecting section 13B of working electrode 
13, face each other, having an intermediate gap 24 in between. 

[0014] In this embodiment, an insulating layer 23 is made to be present as spacer between 
porous baseplate 12 and counter electrode, while a gap 24 is made to be present between 
counter electrode 14, which races detecting section 13B of working electrode 13, and porous 
base plate 12. Insulating layer 23 is shaped to an approximate U-shape by cutting out an area 
extending longitudinally from the center to one of the edges as shown in Figure 3(B). In the 
plane view, opening 18, which is formed on counter electrode 14, base plate 15, and 
insulating film 16, and detecting section 13B of working electrode 13 are bom within the 
above-mentioned cut-out area. Base plate 15, counter electrode 14, porous base plate 12, 
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working electrode 13 and insulating films 16 and 17 are formed of flexible materials. The 
material for insulating fit™* 16 and 17 should be a resin not only flexible, but also soft. In 
addition, those members of the sensor arc rounded at the comers and edges as shown in 
Figure 3 so thai the biosensor of the present embodiment, being inserted below the eyelids or 
into the mouth for the purpose of measurement, will not harm the human body- The 
flexibility of die m*t*™is allows the use of the sensor in a deformed state in the mouth. 

[001 5] In this embodiment, die current generated in the enzyme reaction is difficult to run 
through the area between counter electrode 14 and working electrode 13 (narrowed section 
13A). In this manner, thehydrogen peroxide oxidation currents measured is limited to die 
area between detecting section 13B of working electrode 13 and counter electrode 14, making 
it possible to perform a high precision measurement In addition, a q^k and accurate 
measurement can be performed because of a quick capillary infiltration of the sample solution 
to gap 24 between porous base plate 12 and counter electrode 14. 
[0016] The washing of porous base plate 12 and counter electrode 14 can be performed 
easily because the cleaning solution can infiltrated into gap 24 without staying in opening 18. 
The embodiments having been explained so far do not limit the scope of the present invention* 
The designs accompanying the main points of this invention's constitution may be changed 
variously. 

[0017] The porous base plate 12 to be used in the above embodiments may be prepared by 
a process comprising the absorption of a mixed solution of glucose oxidase and bovine serum 
albumin absorbed by a hydrophflized Teflon film (pore size 0.2 mm) [trade name: Ominipore 
Membrane], the crosslinking of them by glutaraldehyde, and the iimnobilization of glucose 
oxji< fay r Wnwftver, the method is not limitative and alternative methods may be adopted. In 
the embodiments explained above, glucose oxidase was used as the en?yr^ 
immobilized on porous base plate 12. However, this enzyme may be immobilized together 
with a mediator. During the return of the reduced type cazyme (which 
having glucose substrate oxidized) to the oxidized type* the mediator coexisting with enzyme 
in the immobilized state will capture electrons from the enzyme to become a reduced type 
mediator. This reduced type mediator will then give electrons in die reaction between 
electrodes to return to the original oxidized type mediator. In short, die presence of a 
substrate in a porous base plate which contains an enzyme and a mediator will act as a 
medium which causes the transfer of electrons between electrodes, thus allowing the flow of 
currents in accordance with the substrate concentration. Therefore, by detecting the current, 
the substrate concentration can be determined. 

[0018] As described above, the immobilization of coexisting enzyme and mediator allows 
die flow of current in accordance with the substrate concentration level even the presence of 
the dissolved oxygen is very smalL In this manner, die testing and measurement of substrate 
concentration not depending on the dissolved oxygen concentration is made possible. In 

order to keep the pH of the solution at a constant level a suitable amount of a buffer solution 
may be kept in the opening * 

[0019] In the embodiments described above, the narrowed section of the working electrode 
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is overlapped by the opening. In some alternative embodiments, the narrowed section of the 
working electrode may go around the opening. Although glucose oxidase is used in the 
above-described embodiments for the measurement of die concentration of glucose as 
substrate, various other enzymes as well as combinations of them with mediators maybe 
immobilized and employed depending on the types of substrates to be measured 

[0020] Furthermore, base plate 15, which is used in die configurations of the above 
embodiments, may naturally be omitted In addition, counter electrode 14 and working 
electrode 13 may take various optional shapes as long as the configuration remains to have a 
porous base place sandwiched between die working electrode and the counter electrode, and 
an opening locaied near the area where the two electrodes face each other. 

[0021] ■ 

[Advantages of the Invention] As the explanation above has clearly revealed the present 
invention has an advantage of making possible a quick measurement of substrate 
concentration even with a very small amount of the sample solution. With the enzyme 
immobilized within a porous layer, it is possible to perform an efficient enzyme reaction. In 
addition, because the distance between the two electrodes may be small, and because die 
sample solution can be placed exactly between a pair of electrodes even when its amount is 
s m »", a compact device design becomes possible. Furthermore, the device, whose 
components are formed with materials flexible and soft, can realize a biosensor that will not 

foann the hiTman hnfiy - : - ^ 




(Brief Description of Drawings] 

[Figure 1] (A) shows across section of Embodiment 1 of this invention; (B) is a plan of 
. ■ Embodiment I . v 

[Figure 2] (A) shows a cross section of Embodiment 2 of this invention; (B) is a plan of 
Embodiment 2. r 

[Figure 3] (A) shows a cross section of Embodiment 3 of tins invention; (B) is a plan of 
Embodiment 3; and (Q is a cross section of the device cut along A— A plane. 

[Figure 4] The cross sectional diagram of the main body of a conventional biosensor. 

[Explanation of Reference Numerals] 

11 Biosensor 

12 Porous base plate 

13 • Working electrode 

14 Counter electrode 

16*. 17 Lmilating films 
18 r ^Opening 
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